We conducted constant rate of strain consolidation tests on 9 samples from Integrated Ocean Drilling Program Site U1322 and 23 samples from Site U1324 in three laboratories (Massachusetts Institute of Technology, Pennsylvania State University, and Rice University) to obtain the consolidation properties of the sediment, as well as determine the stress history of the sites. The sediments recovered from above 200 meters below seafloor (mbsf) at both sites have similar consolidation properties. The compression index (C c ) ranges from 0.1508 to 0.5052. C c decreases with void ratio at both sites. The expansion index (C e ) ranges from 0.0153 to 0.1144 and decreases with void ratio at both sites. The in situ hydraulic conductivity (K i ) ranges from 2.18 × 10 -11 to 6.38 × 10 -10 m/s. K i decreases with depth. The e-log(K i ) relation has different slopes for sediments above and below 300 mbsf at Site U1324. The coefficient of consolidation (c v ) ranges from 1.5 × 10 -8 to 4.2 × 10 -7 m 2 /s. c v increases with depth for the sediments above 200 mbsf at both sites and shows no clear trend for the sediments below 200 mbsf at Site U1324. The preconsolidation pressure (P′ c ) is significantly less than the hydrostatic vertical effective stress (σ′ vh ) at both sites, which suggests that Ursa sediments are overpressured.
Introduction
Understanding overpressure, fluid flow, and sediment compression behavior is critical for evaluating the stability of continental slopes. Integrated Ocean Drilling Program (IODP) Expedition 308 was aimed at testing a multidimensional flow model by examining how physical properties, pressure, temperature, and pore fluid composition vary within low-permeability mudstones that overlie a permeable and overpressured aquifer (see the "Expedition 308 summary" chapter). We drilled, logged, cored, and made in situ measurements in a region of very rapid Pleistocene sedimentation: the Ursa Basin (Fig. F1) .
We took whole-core geotechnical samples for shore-based consolidation tests (Table T1) . Consolidation tests simulate how porosity evolves with effective stress under one-dimensional gravitational compaction caused by sedimentation. The transition from recompression to virgin compression behavior provides an estimate of the maximum in situ effective stress the sample has undergone (Becker et al., 1987; Casagrande, 1936) . The experiments also provide insight into how permeability evolves with burial and compression.
Consolidation properties were determined from results of constant rate of strain consolidation (CRSC) tests on intact samples.
Laboratory testing methodology Sample handling and preparation
The coring techniques include the advanced piston corer (APC) and extended core barrel (XCB) systems (Table T1 ). These standard coring systems and their characteristics are summarized in Technical Note 31 of the Ocean Drilling Program (Graber et al., 2002) . The sample was not extruded from the core liner on board the drilling ship. Whole-core samples were capped and sealed in wax to maintain natural saturation during refrigerated storage prior to the experiments. For the experiments, each sample was removed from the wax-sealed liner and subsampled with a sharp cutting shoe (at Pennsylvania State University [PSU] ) or a trimming jig (at Massachusetts Institute of Technology [MIT] and Rice University [Rice] ). Table T1 illustrates all of the samples tested in this study including sample depth, type of coring used to acquire the sample, what analyses were done, and where the analyses were done. Most of the PSU and MIT samples were X-rayed at MIT's radiography facility in order to select undisturbed portions of the core for experiments and to assess the presence of inclusions and variation in fabric. The Rice samples were X-rayed by Fugro in order to select undisturbed portions for experiments and to identify layering or inhomogeneities. Core X-ray data can be found in H. Nelson et al. (unpubl. data) .
Sample descriptions
All samples were taken from whole core, not core catchers. Sample locations are illustrated in Table T1 . Quality of samples generally decreases with depth and many samples had significant deformation caused by the coring process. Table T1 indicates which samples were recovered by the APC and XCB systems. During APC coring, two different cutting shoes were used: the "Fugro" cutting shoe and the "IODP-APC" cutting shoe. The Fugro cutting shoe has a thinner kerf than the IODP-APC cutting shoe; therefore, less deformation during coring was expected.
Grain size analysis documents that all tested samples are silty clays containing 50%-70% clay-sized grains (<2 µm), except samples from Section 308-U1324C-7H-1 (405 meters below seafloor [mbsf] ), which are clayey silt with 30% clay-sized grains (Sawyer et al., this volume). The mineralogic composition of the silty clay samples is similar. Quantitative X-ray mineralogy shows that illite and smectite are the dominant minerals and together comprise 37%-60% of the bulk rock weight. Analysis of the clay-sized fraction (<2 µm) by subjective analysis of oriented mounts shows that 80%-90% of the mixed-layer interlayers are composed of smectite.
Index properties
Two water contents were measured in the consolidation test: w c and w n . w c is the water content measured on the leftover trimmings during sample preparation. w n is the water content measured on the test specimen itself. We measured the water content by oven-drying the samples. Water content is calculated by taking the difference in the weight of the sample before and after oven-drying and dividing this difference by the oven-dried weight.
In the laboratory, water content was measured on the trimmings from the specimens and on the specimens themselves. The water content of the trimmings were generally lower (~3%) than the water content of the samples. We compared the water content measured on the specimens with the shipboard measurements of moisture and density (MAD). This comparison is difficult because the sampling frequency and quality of the MAD data are variable. We find that at 15 locations the difference between the laboratory-derived water content and the MAD measurements are within 5 units in water content. There is no systematic difference.
Constant rate of strain consolidation testing
CRSC tests were conducted at three laboratories (MIT, PSU, and Rice) in general accordance with American Society for Testing and Materials (ASTM) D4186 guidelines (ASTM International, 2006) . As the name implies, during CRSC tests the sample is deformed at a constant strain rate. This has several advantages relative to traditional step-loading tests. It provides continuous loading data, which provide a much more detailed view of compression behavior. In contrast with incremental loading, data points are obtained by doubling stress levels: behavior must be inferred between these points. In addition, continuous measurements of the flow properties are obtained (both the hydraulic conductivity [K] and the coefficient of consolidation [c v ]). Finally, K is calculated directly (Equation 2), as opposed to the incremental consolidation test where it is indirectly calculated from the coefficient of consolidation (c v ) and the frame compressibility (m v ).
The dimensions of the specimen are slightly different between the three laboratories. MIT specimens were 5.95-6.35 cm in diameter with an initial height of 2.35 cm. PSU specimens were 5 cm in diameter with an initial height of 2.0 cm. Rice specimens were 5.09 cm in diameter with an initial height of 2.41 cm.
Specimens were laterally confined with a steel ring. Prior to testing, specimens were saturated with deaired distilled water and back-pressured to 300-425 kPa for 24 h to drive any gases present into solution.
We applied a constant rate of strain using a computer-controlled load frame, with the sample base undrained and sample top open to the backpressure. We continuously monitored sample height (H, in millimeters), applied vertical stress (σ v , in kPa), and basal pore pressure (u, in kPa). At PSU, an axial load of 50 kN could be applied by a mechanical load frame and 5 cm diameter samples were run; therefore, the maximum vertical stress was 25.5 MPa. Backpressure was 0.3 MPa; therefore, the maximum effective stress that could be achieved was ~25.2 MPa. The MIT and Rice apparatuses were capable of lower total effective stresses. Most MIT experiments were run to ~2 MPa. Most Rice experiments were completed at effective stresses near 4 MPa. For this reason, the MIT and Rice apparatuses were used on the shallower samples.
The vertical effective stress (σ′ v ), hydraulic conductivity (K), compressibility (m v ), coefficient of consolidation (c v ), and strain energy density (SED) were calculated using the following equations (ASTM, 2006; Tan et al., 2006) :
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Variables are defined in Table T2 .
Laboratory testing results
We conducted CRSC tests on 9 samples from Site U1322 and 23 samples from Site U1324 in two laboratories (MIT and PSU). Table T3 summarizes the details  of each CRSC test. Figures F4, F5, F6, F7, F8, F9, F10,  F11, F12, F13, F14, F15, F16, F17, F18, F19, F20,  F21, F22, F23, F24, F25, F26, F27, F28, F29, F30,  F31, F32, F33, F34 , and F35 show the consolidation curves in both e-log (σ′ v ) and ε-log (σ′ v ), normalized excess pore pressure, coefficient of consolidation (c v ), SED, and hydraulic conductivity (K) for each CRSC test. The CRSC data sheet, which includes 12 columns (Table T4) , can be found in Microsoft Excel format in "Supplementary material."
The compression index (C c ) refers to the slope of the normally consolidated portion of the compression curve in e-log (σ′ v ) space (Fig. F2) . The compression behavior of the samples is similar at Sites U1322 and U1324 (Fig. F36) . The measured values of c c range from 0.1508 to 0.5052. c c decreases with void ratio at both sites (Fig. F36) . The expansion index (c e ) refers to the slope of the unloading portion of the compression curve in e-log (σ′ v ) space. It ranges from 0.0153 to 0.1144 and also decreases with void ratio (Fig. F36) . It must be noted that the expansion index varies with the amount of unloading that occurs. As such, the quoted expansion indexes are for unloading to an overconsolidation ratio of 10.
The in situ hydraulic conductivity (K i ) is obtained by extrapolating the linear portion of the e-log(K) relation to the in situ void ratio. Values of K i range from 2.18 × 10 -11 to 6.38 × 10 -10 m/s. K i decreases with depth (Fig. F37) . The e i -log(K i ) relations for sediments above and below 300 mbsf have different slopes (Fig.  F37) . K i of the clayey silt sample (405.81 mbsf) is significantly higher than those of the silty clay samples, which reflects the lithology difference and stands out on the e i -log(K i ) plot (Fig. F37) .
The coefficient of consolidation, c v , ranges from 1.5 × 10 -8 to 4.2 × 10 -7 m 2 /s (Fig. F38) . c v increases with depth for the sediments above 200 mbsf at both sites and shows no clear trend for the sediments below 200 mbsf. c v of the clayey silt sample (405.81 mbsf) is significantly higher than those of the silty clay samples, which reflects the lithology difference.
The preconsolidation pressure, P′ c , is determined using the work-stress method proposed by Becker et al. (1987) . Figure F3 illustrates this approach for one sample (CRS802). P′ c is significantly less than the hydrostatic vertical effective stress (σ′ vh ) at both sites (Fig. F39) , which suggests that Ursa sediments are overpressured. Figure F1 . A. IODP Expedition 308 site locations (red circles) and bathymetry contours. Ursa Basin is located 210 km southeast of New Orleans, Louisiana, USA (inset map). Contour interval = 100 m. B. East-west seismic cross section A-A′ (located in A). VE = vertical exaggeration. C. Interpreted cross section A-A′. Light and dark gray = mud-rich levee, rotated channel-margin slides, and hemipelagic drape; yellow = sand-rich channel fill. Blue Unit (light blue) composed of sand and mud. Mass transport deposits (MTDs) have occurred in the mud-rich levee deposits above the Blue Unit. Red = detachment surfaces. Figure F2 . Examples of consolidation test results. σ′ vh = hydrostatic vertical effective stress calculated from LWD bulk density profile and assumed seawater density of 1.024 g/cm 3 . Preconsolidation pressures (P′ c , open circle) derived using work-stress method (Becker et al., 1987) . Figure F3 . Derivation of preconsolidation pressure using work-stress method of Becker et al. (1987) based on data from CRS802. Figure F4 . CRS796 consolidation data for Sample 308-U1322D-2H-2WR, 72.78 mbsf. Coef. = coefficient. Figure F5 . CRS797 consolidation data for Sample 308-U1324C-1H-1WR, 51.27 mbsf. Coef. = coefficient. Figure F6 . CRS798 consolidation data for Sample 308-U1322D-2H-2WR, 72.83 mbsf. Coef. = coefficient. Figure F8 . CRS800 consolidation data for Sample 308-U1324B-4H-7WR, 31.86 mbsf. Coef. = coefficient. 
Data report: consolidation characteristics of sediments
Proc. IODP | Volume 308 13 Figure F9 . CRS801 consolidation data for Sample 308-U1324B-16H-5WR, 142.13 mbsf. Coef. = coefficient.w Vertical consolidation stress, σ´v (kPa)
Proc. IODP | Volume 308 14 Figure F10 . CRS802 consolidation data for Sample 308-U1324B-7H-7WR, 60.31 mbsf. Coef. = coefficient. Vertical consolidation stress, σ´v (kPa)
1.2 Figure F11 . CRS803 consolidation data for Sample 308-U1324B-15H-5WR, 134.2 mbsf. Coef. = coefficient. Vertical consolidation stress, σ´v (kPa)
H. Long et al.
Proc. IODP | Volume 308 16 Figure F12 . CRS807 consolidation data for Sample 308-U1324C-2H-4WR, 105.48 mbsf. Coef. = coefficient. Vertical consolidation stress, σ´v
Vertical consolidation stress, σ´v (kPa) Figure F13 . CRS808 consolidation data for Sample 308-U1322B-15H-1WR, 126.28 mbsf. Coef. = coefficient. Vertical consolidation stress, σ´v (kPa)
Proc. IODP | Volume 308 21 Figure F17 . CRS815 consolidation data for Sample 308-U1322B-4H-3WR, 27.21 mbsf. Coef. = coefficient. 
Proc. IODP | Volume 308 23 Figure F19 . CRS825 consolidation data for Sample 308-U1322B-21H-3WR, 178.7 mbsf. Coef. = coefficient. H. Long et al.
Proc. IODP | Volume 308 25 Figure F21 . CRS001 consolidation data for Sample 308-U1324C-6H-3WR, 304.02 mbsf. Coef. = coefficient. Proc. IODP | Volume 308 26 Figure F22 . CRS002 consolidation data for Sample 308-U1324C-6H-3WR, 303.94 mbsf. Coef. = coefficient. 
Proc. IODP | Volume 308 27 Figure F23 . CRS003 consolidation data for Sample 308-U1324C-1H-1WR, 51.21 mbsf. Coef. = coefficient. Proc. IODP | Volume 308 28 Figure F24 . CRS004 consolidation data for Sample 308-U1324C-1H-1WR, 51.14 mbsf. Coef. = coefficient. Proc. IODP | Volume 308 29 Figure F25 . CRS005 consolidation data for Sample 308-U1324B-13H-7WR, 117.4 mbsf. Coef. = coefficient. Proc. IODP | Volume 308 30 Figure F26 . CRS006 consolidation data for Sample 308-U1324B-70X-6WR, 578.13 mbsf. Coef. = coefficient. 
Proc. IODP | Volume 308 32 Figure F28 . CRS008 consolidation data for Sample 308-U1324C-7H-1WR, 405.81 mbsf. Coef. = coefficient. H. Long et al.
Proc. IODP | Volume 308 33 Figure F29 . CRS013 consolidation data for Sample 308-U1324B-4H-7WR, 32.14 mbsf. Coef. = coefficient. H. Long et al.
Proc. IODP | Volume 308 34 Figure F30 . CRS014 consolidation data for Sample 308-U1324B-4H-7WR, 32.10 mbsf. Coef. = coefficient. 
Proc. IODP | Volume 308 35 Figure F31 . CRS015 consolidation data for Sample 308-U1324B-7H-7WR, 60.62 mbsf. Coef. = coefficient. 
Proc. IODP | Volume 308 36 Figure F32 . CRS018 consolidation data for Sample 308-U1324B-26H-3WR, 220.34 mbsf. Coef. = coefficient. 
Proc. IODP | Volume 308 37 Figure F33 . CRS019 consolidation data for Sample 308-U1324B-31H-3WR, 261.02 mbsf. Coef. = coefficient. 
Proc. IODP | Volume 308 38 Figure F34 . CRS020 consolidation data for Sample 308-U1324B-21H-3WR, 183.14 mbsf. Coef. = coefficient. Figure F36 . Compression and expansion indexes for Ursa Basin sediments (see Table T3 ). Figure F37 . In situ hydraulic conductivity for Ursa Basin sediments (see Table T3 ). Void ratio, e i Figure F38 . Coefficient of consolidation for Ursa Basin sediments (see Table T3 ). Depth (mbsf) Figure F39 . Preconsolidation pressure for Ursa sediments (see Table T3 ). Preconsolidation stress determined using work-stress method proposed by Becker et al. (1987) . Hydrostatic vertical effective stress (σ′ vh ) calculated using shipboard bulk density data assuming seawater density of 1.024 g/cm 3 .
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